Introduction {#s0005}
============

Non-small cell lung carcinoma (NSCLC) represents at least 80% of all lung cancers and about 30% of these present with unresectable locally advanced disease of stage IIIA-IIIB [@b0005]. The management of locally advanced NSCLC is challenging [@b0005], [@b0010], [@b0015], [@b0020], and surgery is usually not feasible for the majority of patients. External beam radiation therapy (EBRT) is the commonly used modality for non-metastatic but unresectable NSCLC. It can be delivered either alone, concurrently, or sequentially with systemic therapy [@b0010]. Recommended doses of radiation are in the range of 60--66 Gy with conventional fractionation of 2 Gy daily over 6 weeks. However standard radiation therapy delivered to bulky tumors that require large fields combined with systemic chemotherapy causes high toxicity. In general, doses given are suboptimal due to the limited dose tolerance of the surrounding normal structures. The treatment for locally advanced lung cancer patients based on chemo-radiation regimens results in increased overall survival as compared to either modality alone [@b0020]. Unfortunately the 5-year survival rate for stage IIIA NSCLC remains about 15% and for stage IIIB cancers is about 5% [@b0015].

The concept of Lattice Radiotherapy (LRT) has been described by Wu et al. [@b0025], as a technical extension of 2D GRID technique, frequently referred to as the spatially fractionated GRID radiotherapy or SFGRT [@b0030]. Its basic principle is to create volumetrically distributed islands of very high dose of radiation (vertices) inside the tumor. One of the most important benefits is that this technique does not add any extra toxicity in the peripheral normal tissue, given that the vertices are strictly contained within the gross tumor volume.

Case presentation {#s0010}
=================

A 72 year old man with history of heavy tobacco use originally presented with left shoulder pain and hemoptysis. A chest X-ray showed a left upper lobe (LUL) pulmonary mass and trans-thoracic core biopsy revealed squamous cell carcinoma. FDG PET/CT scan showed a 6 cm LUL mass extending into the superior aspect of the left pulmonary hilum with SUV of 15.5 and a left hilar adenopathy with SUV of 17.1. Metastatic workup including brain MRI was negative indicating a locally advanced tumor T3N1M0 (Stage IIIA) by virtue of involvement of parietal and mediastinal pleura.

He was started on chemotherapy using Cisplatin and Vinorelbine but increasing shoulder pain prompted radiation oncology consult. After multidisciplinary review, appropriate informed consent and internal review board approval were obtained. The patient started LRT using volumetric arc therapy (VMAT) with the Varian Trilogy™ linear accelerator followed by conventional radiotherapy (RT) with concomitant chemotherapy.

The gross tumor volume (GTV) included the large LUL mass and the hilar adenopathy that measured a combined volume of 218.5 cc, equivalent to a 7.5 cm spherical diameter. The planning target volume (PTV) was created as the gross tumor volume adding 1 cm margin. Three small spheres of 1.5 cm in diameter were used to create the lattice vertices inside the GTV providing inhomogeneity inside the tumor. The periphery of the PTV received 3 Gy and the vertices received 18 Gy ([Fig. 1](#f0005){ref-type="fig"}). The location of the spheres was determined by the size and shape of the tumor, and positioned away from vital structures to guarantee a significant drop of the dose to maintain dose constrains at the periphery. The distance between the spheres was 2 cm. Two partial, coplanar arcs with 6 MV photons were used. Total dose delivered was 61 Gy to the GTV and 76 Gy to the vertices with a BED of 120 Gy while the remaining of the tumor received a BED of 73.5 Gy or higher. Treatment was delivered in 30 fractions, 29 fractions of 2 Gy per fraction and one fraction with LRT over 44 elapsed days.Fig. 1Treatment plan of the LRT fraction showing color wash dose distribution of 3 Gy in the periphery and 18 Gy in the three lattice vertices of 1.5 cm diameter.

The tumor position was aligned to the planned position before every daily session using Cone Beam CT (CBCT). After 15 conventional fractions, the patient underwent a second CT simulation due to 50% tumor reduction, requiring a new treatment plan to deliver the remaining 14 prescribed fractions ([Fig. 2](#f0010){ref-type="fig"}). The patient tolerated treatment well without any acute toxicity except for mild focal erythema in the skin of the anterior chest which eventually cleared with topical treatment.Fig. 2Top: CT-simulation showing a GTV of 218 cc equivalent to a 7.5 cm sphere diameter. Middle: CBCT demonstrating that volume of the lesion has decreased over 50% after 15 fractions. Bottom: CBCT on the last day of treatment.

In the first follow up visit at 3 months the patient only complained of intermittent low-intensity left shoulder pain and a FDG PET-CT demonstrated decrease in diameter of the LUL mass to 2.8 cm consistent with a partial response according to the RECIST 1.1 criteria with a maximal SUV of 4.8. There were no metabolically active mediastinal or hilar lymph nodes. In a 6-month follow-up, the patient was asymptomatic and at FDG PET-CT the size of the LUL mass was 1.4 cm in maximal diameter with SUV of 2.8. Further clinical and imaging follow up with PET-CT studies ([Table 1](#t0005){ref-type="table"}) demonstrated continued improvement. Patient is NED after 6 years with only minor post-radiation changes as shown in the latest imaging follow-up ([Fig. 3](#f0015){ref-type="fig"}). In his most recent clinical follow-up visit on August 2017 patient had a Karnofsky Performance Status (KPS) of 90% due to occasional shortness of breath with exercise.Fig. 3A: Initial FDG PET-CT showing metabolically active lesion in the left lung. B, C, D and E: serial follow up PET-CT images after 3, 9, 15, and 60 months of treatment completion with only minor post-radiation changes in the chest CT showing excellent response to treatment.Table 1Six year imaging follow up with PET-CT after Lattice Radiotherapy of advanced lung carcinoma.PET-CT dateTime from Tx completionLesion diameterSUV6/13/2011pre txLUL 6.0 cm/hilum 1.5 cm15.5/17.112/1/20113 monthsLUL 2.8 cm/hilum 0 cm4.83/12/20126 monthsLUL 1.4 cm/hilum 0 cm2.811/20/201210 monthsLUL persists (does not report size)1.86/12/201321 monthsLUL 2.1 cm2.312/26/201327 monthsLUL 2.2 cm2.47/16/201434 monthsLUL 2.3 cm2.812/26/201439 monthsLUL 3.2 cm2.56/17/201545 monthsUnchanged from previous studyUnchanged3/7/201654 monthsUnchanged from previous studyUnchanged8/16/201660 monthsUnchanged from previous study1.88/8/201772 monthsLUL 2.8 cm2.9

Discussion {#s0015}
==========

For the last seven years, we have used LRT in 30 patients; most commonly in advanced gynecological cancer [@b0035], [@b0040]. The case presented herein was the first patient with locally advanced lung cancer treated in our clinic with this technique. In general, radiation therapy doses delivered to bulky tumors in large fields combined with systemic chemotherapy cause high toxicity. As such, radiation doses given (60 to 70 Gy) are usually inadequate to obtain an optimal treatment outcome. Stage III lung cancer is one of the prime examples for which standard options of care offer little advantage with the anticipated 5 year survival of 15% for stage IIIA and 3 to 7% for stage IIIB lesions [@b0045], [@b0050].

In the present case, we have observed a complete response in a patient with bulky NSCLC of stage IIIA after LRT followed by 29 fractions of conventional fractionation for a total of 61 Gy to the GTV and 76 Gy to the vertices. We attribute the favorable outcome in terms of response and local control to the addition of LRT.

Advances in the radiation delivery instrumentation and image-guided radiation therapy (IGRT) techniques coupled with the use of LRT may change the strategy for management of advanced tumors [@b0025], [@b0030]. In the case presented herein, partial GTV where the vertices were located received a BED of 120 Gy; while the peripheral margin of the tumor received at least a BED of 73.5 Gy. Aside from the fact that a higher dose can be safely delivered to a partial volume of a bulky tumor, additional effects, including bystander and immunogenic effects might contribute synergistically to the tumor control [@b0055], [@b0060].

Conclusions {#s0020}
===========

In this case presentation, we describe the use of LRT using modern radiotherapy techniques combined with chemotherapy as a novel and highly effective approach to improve treatment results in patients with locally advanced lung cancer. We encountered minimal toxicity, and the patient demonstrated excellent clinical and imaging response after 6 years. We have used this technique successfully in the treatment of more than 30 patients with advanced bulky tumors in different body sites and diverse diagnoses, with favorable outcomes. We conjecture that the higher dose delivered to the vertices is not the only explanation for the remarkable results obtained. Resent research in Radiobiology of ablative doses has revealed the existence of radiation-induced effects, most notably the immunogenic, bystander and abscopal effects. However, all radiation delivery techniques are not equal in harvesting these effects synergistically toward a better clinical outcome. Our single-institution experience suggests that LRT could be one of the ways to achieve a significant improvement in the management of locally advanced lung cancer. If these encouraging results may be consistently reproduced, it may justify a formal clinical study to determine the effectiveness and the role of LRT.
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